Introduction: Literature reveals several peritoneal dialysis laparoscopic catheter insertion techniques developed to improve long-term results for treatment chronic kidney failure with the technic of peritoneal dialysis. The purpose of the study is evaluation of developed and recommended minimally invasive laparoscopic technic for chronic peritoneal dialysis catheter placement using specially constructed trocar. Materials and Methods: Retrospective study included 804 patients in 10 departments of surgery. Surgical and non surgical complications related to PD catheter placement were analysed: bleeding, dialysate leak, early SSI, peritonitis, catheter tip migration, catheter obstruction, omental wrapping and visceral perforations. Available software (Microsoft® Excel for Windows 10, MedCalc, Mariakerke, Belgium) was used for statistical analysis (presented as percentages, mean ± SD or median). ConHow to cite this paper: Čala, Z., Soldo, I., Perko, Z., Knežević, N., Kocman, I., Alfier, V., Gudelj, M., Koprek, A., Kordić, M., Matošević, E., Senečić-Čala, I., Kraljević, J. The presented technique with specially constructed trocar is a simple and effective procedure with fewer complications comparing to literature. The advantages of this method include long rectus sheath tunnel with the deep cuff placed pre-peritoneally, the small size of the entrance into the peritoneum and accurate position and control of catheter tip in the pelvis.
Introduction
Peritoneal dialysis (PD) is an established alternative to hemodialysis for renal replacement therapy in patients with the end-stage renal disease. One of the most important prerequisites for successful peritoneal dialysis is a well-functioning catheter that permits consistent dialysis solution bidirectional flow. However, complications of the PD catheter insertion such as bleeding, dialysate leakage and malfunction, exit-site infections, peritonitis and pain may require removal of the catheter and loss of PD as dialysis modality. Literature data are positive to PD catheter irregular insertion technique being highly related to the incidence of surgical and also non-surgical complications [1] [2] [3] .
Currently, several surgical techniques and modifications have been described and used for the PD catheter placement. Each method offers benefits per se, but open surgical and laparoscopic techniques are preferred in terms of safety, catheter survival and reported complications [4] [5] [6] [7] [8] . Also highly important, minimally invasive laparoscopic approach, allows direct visualization and precise catheter positioning; advanced laparoscopic surgical technics, also named additional maintaining procedures including partial omentectomy, adhesiolysis, biopsies and diagnosis and/or treatment of accompanying surgical pathologies during the same operation are mandatory in the circumstances of presented pathologies. Therefore, the number of laparoscopic peritoneal catheter placement procedures is rising around the world, as well as in Croatia, and neighboring countries [9] [10] [11] [12] . Global burden of chronic kidney disease continues to increase and consequently also the need for renal replacement therapy, clearly presented in the last literature. Due to quality hospital and outpatient medical care service outcomes of patients treated with peritoneal dialysis are better comparable to those with hemodialysis. Further growth or trends in peritoneal dialysis use is also the reflection to patient's needs, being more avto-relatively high incidence of PD catheter insertion technic complications or technical failures was observed. To reduce the incidence of PD failure due to catheter placement technic based on personal data we developed several modifications of the trocar for PD catheter insertion and surgical approach in order to overcome limitations of available instruments [13] . Technically improved trocar combined to catheter placement surgical procedure conceived in 1994 is still in use today.
In the last 22 years, this trocar has been distributed to surgeons and urologists in Croatia, Slovenia and Bosnia and Herzegovina with good results regarding functional and technical aspects of catheter placement [4] [14] [15] and also to promote minimally invasive surgical approach in the view to promote PD as treatment modality. The purpose of this retrospective study is to describe and evaluate designed laparoscopic technique, the trocar developed and investigate the outcomes. 2) Surgical procedure. Preoperative multimodal patient preparation included physical examination and education by the surgeon, nephrologist and PD nurse started a few days before surgical procedure. Preoperatively surgical procedure planning started with catheter path marking, the catheter insertion and exit site, and the cuffs position. Detailed preoperative diagnostic pull was used to exclude the presence of other abdominal pathologies to plan concurrent surgery if indicated. Routine prophylactic antibiotic use, based cefazolin or vancomycin schema was administered half an hour prior to start the procedure performed under general anesthesia. The patient was placed in the supine position; in simultaneous laparoscopic operation for other pathologies indicated, the patient was temporarily positioned for the operation and then repositioned to standard supine for the PD catheter insertion at the end of the procedure. Standard laparoscopic equipment was used along with specially designed trocar dedicated for PD catheter insertion. 12 mmHg pneumoperitoneum was obtained by CO 2 insufflation using the Veress needle or the Hasson trocar; 5 or 10 mm trocar was inserted through the same supraumbilical incision and 5 or 10 mm, 30˚ or 0˚ laparoscope was inserted for surgical exploration to peritoneal cavity. Lysis of in- The trocar, dedicated for the catheter implantation, was inserted through 12 mm incision, on the right or left side, lateral to the umbilicus (Figure 1(a) ); the exact position of incision corresponded to the high and boy weight to the patient, patient dexterity and planned home circumstances or position for PD procedure. The reusable trocar has two essential parts, the outer (sleeve) and the inner part (trocar). The outer part is a cannula, that consists of a proximal longer and wider part (15 cm long, 8 mm in internal diameter) that penetrates through the abdominal wall extra peritoneally and a distal shorter and narrow portion (3 cm long, 5 mm in internal diameter) inserted intraperitoneally. The outer cannula can be longitudinally divided into two symmetric halves ( Figure  1(b) ). The inner part is the trocar that, as well, consists of a longer (7.5 mm in Figure 1 . Trocar for laparoscopic peritoneal dialysis catheter placement (Čala & Medaž) . (a) The trocar consists of the two essential parts. The inner part consists of a longer (7.5 mm in diameter) guide and a shorter outer part of consists with the pyramid-sharpened tip extending from the distal opening of the cannula (5 mm in diameter); (b) The outer cannula of the trocar longitudinally divided in the two symmetric halves. The outside part is a metal cannula, with a narrow portion that is introduced intra-abdominaly with short portion, inside diametter of peritoneal catether and slightly dilatates the catether path; and a larger portion that penetrates into the abdominal wall. cases. Catheter suture fixation was performed twice (0.2%).
Methods and Patients
The incidence of major surgical complications is listed in Table 2 . were observed in all patients and also no liver pathology or vascular grafts present. In all patients skin insertion site (SSI) was negative. Dialysate fluid leakage occurred in 23 (2.8%) in the first 30 days after the catheter insertion and treated with low volume PD or temporary transfer to hemodialysis for a few weeks (average 4 to 6). There were two (0.2%) visceral perforations during catheter implantation. In one patient, the gastric perforation with Veress needle required open surgical approach and the second case was small intestinal perforation after intestinal loop adhesiolysis with consequent development of diffuse peritonitis three days after. The patient suffered from several comorbidities and despite timely surgical and intensive therapy, overall clinical deterioration progressed to death. Peritoneal dialysis catheter malfunction occurred in 5.6% of patients. Failure was due to catheter tip migration in 2.2%, blood clot or fibrin plug obstruction in 2.6%, and omental wrapping in 0.7%. It was treated by non-operative measures such as flushing and thrombolytics which have been proven effective. Catheter malfunction due to catheter tip migration or constipation was treated with fluoroscopic wire manipulation. Patients with malfunctioning peritoneal dialysis catheters due to omental wrapping underwent laparoscopic exploration and restoration of omentum and catheter tip. Seven patients suffered abdominal pain after infusion of dialysate fluid, however the pain resolved with time and there was no need for repositioning or 
Discussion
Peritoneal dialysis is a treatment modality used worldwide for the treatment of end-stage renal disease. The PD catheter function and the incidence of the catheter-related complications strongly depend on the technique of implantation.
However, in the past few decades, the controversy persists about the best inser- [19] . Moreover, this multi-center experience is simply and completely reproducible [13] .
Our data strongly support the conclusion based on statistical data that laparoscopic peritoneal catheter implantation using our specially constructed reusable trocar is a safe, short lasting, efficient and feasible alternative to other laparoscopic techniques in the management of the patients requiring peritoneal dialysis. Visualisation of abdominal cavity, prompt hemostasis, catether tip and internal insertion point inspectation are important to reduce also the full restoration of PD and quality of life. In addition, laparoscopy is useful for the diagnosis and treatment of other pathologies, also highly important in the clinical circumstances of previously no clinical signs presented. We can conclude also, that laparoscopic cholecystectomy, nephrectomy, hernia repair and cardiac operations can be successfully performed in the same general anesthesia [20] [21].
In our series, combined operations concomitant with PD catheter placement were also performed. Seventy patients had an inguinal or an umbilical hernia and underwent hernia repair before, simultaneously or after the PD catheter insertion. Inguinal hernias were treated using the open Lichtenstein procedure or endoscopic total extraperitoneal procedure (TEP) that is preferred technique for hernia repair in PD patients due to preserved peritoneal integrity [21] . Umbilical hernias were repaired using the open method with direct suturing or Mayo technic. Three patients underwent salpingectomy and tumor excision prior to Twenty laparoscopic cholecystectomies were performed for cholelithiasis in asymptomatic patients. In patients with acute cholecystitis and candidates for laparoscopic PD insertion laparoscopic cholecystectomy was performed and after a disease free interval of three weeks the procedure finalised. Four endoscopic nephrectomies and one cardiac operation were also performed and no additional surgical and non surgical complication observed related to concomitant procedures.
Third and important observation to our study is that laparoscopic method is particularly useful in patients with previous abdominal operations. In this setting, adhesiolysis is safely performed to prevent nor catheter malfunction to unssufficient PD due to reduced exposure to parietal and visceral peritoneum in the case of multiple adhesions. Importantly, the situation allows peritoneal dialysis also in patients who would otherwise require hemodialysis, as we did in 27
cases. The primary causes of catheter dysfunction, as reported in review publications and PD guidelines, are compartmentalization from adhesions, catheter tip migration and omental wrapping or entrapment [22] . Our technique of laparoscopic PD catheter placement directly addresses these issues by allowing long rectus sheath tunneling along with adhesiolysis and omentopexy [23] [24].
However, only adhesions that may obstruct catheter function should be treated.
Adhesions in the upper part of the abdomen usually do not interfere with dialysate drainage and therefore does not mandate surgical management. Moreover, unnecessary adhesiolysis may increase the risk of postoperative bleeding [25] and intestinal trauma.
Although several publications recommend routine omentectomy or omentopexy, we found that unnecessary. These procedures may prolong operation, and could result in complications such as postoperative bleeding, catheter obstruction, and internal herniation [24] [25]. Omentopexy should be done selectively in patients having extremely long omentum to reduce the incidence of omental wrapping and dialysat compartmenisation. In our study, the omentopexy was performed in three cases with the additional two cases of catheter suture fixation.
Special care should be taken to avoid visceral injuries during coagulation and manipulation with the instruments. Damage to the small or large bowel may not be visible during the operation with clinical and laboratory findings presentation up to 3 -6 days later. Although, this complication is rare (0% -2%) clinical situation after laparoscopic PD catheter insertion, we reported two visceral perforations in our study. The gastric perforation was due to the Veress needle insertion and the small bowel injury occurred during adhesiolysis in low BMI patient after massive weight loss and abdominal wall distension. Recent studies also propose, that the use of peritoneal dialysis may offer advantages in patients with the intra-abdominal foreign body, such as vascular grafts, due to better hemodynamic control and avoidance of anticoagulation, also supported by our study. In our months allows complication free procedures, also VGI that is an absolute contraindication for PD and PD catheter placement.
In 0 to 12.8% of patients after laparoscopic insertion of PD catheter dialysate fluid leakage represents delay in full PD, also well documented to published data [22] . Besides, local environment in dialysate leakage negative circumstances to SSI incidence, reduces QL and additional economical costs. The reported low rate of dialysate leakage (2.8%) in our study is related to surgical technique, the features of our specially designed trocar and preoperative multimodal patient 
Conclusion
The presented technique of laparoscopic PD catheter insertion with a specially constructed reusable trocar is simple to use and requires no additional training.
It requires standard laparoscopic equipment besides specially constructed reusable trocar that itself poses only minimal additional cost. The procedure is also compliant with consensus guidelines for best-demonstrated practices in peritoneal access placement including long rectus sheath tunnel in craniocaudal oblique direction, toward the pelvis, with preperitoneal deep cuff. It offers excellent visualization of all procedure steps which is especially important for precise control of the peritoneal surface during the trocar insertion and positioning and besides gives optimal cosmetic effect. Therefore, this laparoscopic procedure for PD catheter insertion is a safe and effective procedure with low risks of morbidity and mortality. However, optimal long-term catheter function and PD depends on the effective multi-disciplinary program, ongoing re-examination and cooperation between nephrologists and surgeons.
